Abstract: Understanding the link between diet, risk of obesity and the underlying socioeconomic circumstances of the individual is useful for health promotion and improvement interventions. In this study, we examine the socioeconomic factors that jointly affect food consumption choices and risk of obesity. We analyse the National Dietary and Nutrition Survey (2000/01) of adults aged 19-64 years living in private households in the UK, using a health production framework. The information on the complete food history on individuals in the previous week are used to create eight common food groups. The seemingly unrelated regression method is used to estimate a system of linear risk of obesity (as measured by Body Mass Index) and eight diet equations with error terms that are correlated across equations for a given individual, but are uncorrelated across individuals. Our findings indicate that the socioeconomic factors (e.g. income and education) associated with sources of healthy eating differ. While increasing household purchasing power may be more effective for increasing consumption of healthier foods such as fruit and vegetables, more knowledge and information about healthy eating may be more effective for cutting down on consumption of less healthy foods (e.g. preserves and savoury foods). An understanding of these different healthy eating contexts is essential for the development of effective targeted food based policies aimed at reducing the risk of obesity.
Introduction
The increased prevalence of overweight and obesity over the past two decades has led to descriptions of an obesity 'worldwide epidemic' with major public health concerns. According to the World Health Organisation, more than a billion adults are overweight, at least a third of whom are clinically obese. Overweight and obesity are a major contributor to the burden of chronic diseases, including coronary heart disease, hypertension, stroke, type 2 diabetes, and certain types of cancer, and disability (WHO 2004) .
There are significant health and socioeconomic costs of overweight and obesity. The UK House of Commons Health Select Committee (HCHSC) estimated the total annual costs of overweight and obesity in England in 2002 at nearly £7 billion (HCHSC 2004) . In financial terms, the total impact of obesity on employment has been found to be as much as £10 billion (McCormack and Stone 2007) . In addition, overweight and obesity also impose a considerable financial burden on the healthcare system. During 2003/2004, overweight and obesity was directly responsible for over 7% of morbidity and mortality, with the direct cost to the National Health Services (NHS) estimated at around £ 3.2 billion (Allender and Rayner 2007) .
The link between obesity and diet is well established. There is an increasing consensus that the obesity epidemic particularly in developed countries, has been driven largely by the improvement in social and economic circumstances of individuals such as rising incomes, which had resulted from the urbanisation and globalisation process. This has resulted in nutrition transition with diets rich in complex carbohydrates being replaced by increased consumption of calorie dense foods high in fats and sugar coupled with undertaking less physically demanding activities (Costa-font and Gil 2005 , Chou et al 2004 , WHO 2004 , Wang et al 2002 , Lakdawalla and Philipson 2002 .
Diet is a fundamental input in the health production function. However, individuals make dietary decisions based on their circumstances including socioeconomic, physiological, and psychological, without necessarily having to consider the health implications. This may be because individuals have imperfect information about the risk and consequences of their dietary behaviour. Such information may include the calorie content of different forms of food items or the link between diet and weight gain (McCormick and Stone 2007) . In some societies, food consumption is a marker of social status, an act of pleasure and convenience (DOH 2003) , which do not necessarily relate to understanding nutrient values of a particular diet.
In previous studies, diet and obesity have been associated separately with socioeconomic circumstances of the individual. Socioeconomic indicators such as income, education, social class, and working conditions feature prominently in studies of the socioeconomic determinants of dietary behaviour (e.g. Moreira and Padrao 2004 , Yang et al 2005 , Whichelow and Prevost 1996 . These factors also tend to feature in studies of socioeconomic determinants of obesity (e.g. Padrao 2006, Wamala et al 1997) . However, attempts at examining the interrelationship between diet, obesity and socioeconomic circumstances of the individual in a single framework have met with limited success. For example, Moreira and Padrao (2006) examined the socioeconomic and dietary determinants of obesity using Portuguese data. The diet-obesity relationship part of the study yielded inconclusive results. The authors attributed this to an inability to assess the effects of diet on obesity due to limited information on specific food items. While recognising the possibility of obesity feeding back into diet, the authors suggested a framework linking the relationship between food consumption and obesity, and linking food items to socioeconomic characteristics of the individual.
The present study aims to contribute to a better understanding of the interrelationship between diet, risk of obesity, and socioeconomic circumstances of individuals. We conceptualise diet and the risk of obesity as jointly determined by similar underlying socioeconomic factors. This allows us to use the seemingly unrelated regression approach, whereby the error terms of the diet and risk of obesity equations are correlated for a given individual, but are uncorrelated across individuals. The conjecture here is that if unhealthy diets are associated with socioeconomically disadvantaged populations, then this group of individuals can be expected to be at greater risk of obesity. Treating diet and risk of obesity as jointly determined has an advantage of addressing endogeneity and unobserved heterogeneity problems often encountered in similar analyses and ultimately improve the efficiency of the estimates (e.g. Costa-font and Gil 2005 ). An implication of this approach for health promotion and improvement interventions is that, those groups of individuals in the population at greater risk of obesity can be identified by their socioeconomic circumstances and then targeted for education on healthy eating and disease prevention.
The remaining part of the paper is organised as follows. The next section (Section 2) presents a brief overview of the conceptual framework and the econometric specification linking diet-obesity relationship to socioeconomic circumstances of the individual. Section 3 presents the description of the data set and the variables used in the analysis. The results are presented in Section 4. Section 5 discusses the key findings and the conclusions are provided in Section 6.
2 Diet, risk of obesity and socioeconomic circumstances of individuals 2.1 Conceptual framework The Grossman (1972a and 1972b) framework for health capital and demand for health provide the background for the conceptual framework. The framework as adopted in the present study is based on certain key assumptions; firstly, an individual is assumed to maximise utility subject to constraints provided by a health production function and dietary input into the production function. Secondly, the efficiencies of producing health from dietary intake and vice-versa are each conditioned on socioeconomic factors. Also, health is allowed to feedback into dietary intake, in which case individuals consume foods based on their current health. Most nutrition and epidemiology studies ignore this endogeneity issue.
In its basic formulation, the health production framework will also contain an income constraint such that income equals expenditure on food and non-food inputs (e.g. Variyam et al 1996, Costa-Font and Gil 2005) . In the present study, however, we take the income constraint as given and assume constant prices. These two assumptions follow because the focus is on dietary choices made at a given point in time, during which we assume limited price variation. Also, constant prices can be reasonably assumed, especially where analysis employs cross-sectional data (Nayga et al 1999) . We employ cross sectional data in the present study.
2.2
Econometric specification The health production framework can be stated as a system of linear equations of the form:
where D ik is the k th diet equation; X is a vector of socioeconomic variables that affect both health and diet; and e i1 , e i2 are the usual error terms 1 . X's are treated as exogenous variables, assumed to be uncorrelated with the error terms but generally, D ik and e i1 are correlated because the former is endogenous in Equation (1). The reduced form is to solve for the endogeneity of diet k. The NDNS survey provides a comprehensive, cross-sectional information on food items consumed by the individual in the previous week, as well as information on physical and anthropometric measurements obtained during nurse visits. The dataset also contains information on the demographic and socioeconomic circumstances of the individual respondents.
Dietary outcome variables (Food groups)
The NDNS survey provides comprehensive information on 112 food items consumed by the individual in the previous week. The quantity consumed of each food item was collected through both a questionnaire and a seven-day weighed intake record kept by the individual respondents. Using the NDNS (2002) approach, we used the diet information to create eight common food groups namely: Cereals and cereal products; Milk and milk products; Fat spreads; Meat and meat products; Fish and fish products; Fruit and vegetables; and Sugars, preserves and savoury foods. Our classification of the food items into food groups is consistent with the 'healthy' and 'less healthy' foods used for generating a healthy eating index from the Scottish Health Survey (e.g. Eberth and Smith 2010) . Whereas items under 'Fruit and vegetables' and 'Fish and fish products' can be classified as 'healthy', those under 'Sugars, preserves and savoury foods' can be classified as 'less healthy'. Table 1 presents the distribution of the food groups by gender and age (in kilograms per week) 3 . There are both age and gender dimensions to the pattern of food consumption in the sample. Three points are worth noting. First, males consumed higher quantities across all of the food groups, with a few exceptions where younger men appear to be consuming less of healthy items.
Second, there is an age gradient in the decreasing consumption of 'Sugars, preserves, and savoury foods', and 'Meat and meat products' food groups (less healthy), and increasing consumption of 'Fruit and vegetables' and 'Fish and fish products'. Third, whilst the consumption of 'Sugars, preserves, and savoury foods' dominates amongst adults aged 19-49 years, consumption of 'Fruit and vegetables' dominates amongst adults aged 50-64 years. These patterns appear to indicate that, ceteris paribus, older adults in this sample had healthier diets.
3.3
Health, demographic and socioeconomic variables Table 2 presents the descriptive statistics of the health, demographic and socioeconomic variables. The health outcome of the individual was measured by Body Mass Index (BMI) 4 . BMI is a widely accepted indicator of risk of obesity (e.g. Costa-Font and Gil 2005, Moreira and Padrao 2006) . It is less likely that under-reporting of anthropometric measures might arise in the NDNS data since these measures were undertaken by visiting nurses. The average individual in the sample is slightly overweight, with BMI at approximately 26.8.
The demographic variables included were age and gender. The average age in the sample is a little over 42 years and males were in minority (44.4%). The socioeconomic variables included were marital status, educational qualifications, employment status, occupation-based social status, annual household income, household size and receipt of income/employment benefits. During econometric estimation, we alternated between educational qualifications, occupation-based social status and annual household income, as these variables may be correlated with each other. The wave dummies indicate that the number of respondents in the sample increased overtime, with the majority interviewed during Jan-June 2001 (approximately 58.8%). 
Results
Following the econometric specification presented in Section 2.2, we estimated a nineequation model, consisting of the BMI equation (as a measure of the risk of obesity) and an equation for each of the eight food groups: Cereals; Milk; Eggs; Fat spreads; Meat; Fish; Fruit and vegetables; and Sugars and savoury foods. Estimation was carried out using STATA v.11 statistical package. Estimation used robust standard errors. The estimation procedure, fitted statistics, and specification tests carried out during analysis are presented in the Appendix. These procedures were necessary to test the underlying assumptions and restrictions imposed on the model, and the robustness of the estimation to alternative model specifications.
The estimation results are robust to model specification and based on the outcomes of the fitted statistics and tests, presentation of the findings focuses on the results of the SUR estimation 6 . Table 3 reports the results of the joint estimation of the determinants of risk of obesity (as measured by BMI) and food groups. The coefficients, standard errors, and associated level of statistical significance are reported, with the asterisks indicating the level of statistical significance of the t-statistics.
The risk of obesity increases significantly with older age and for males, whilst more education, a higher income and higher occupational group reduce the risk. As the older age groups (35 years and above) are consuming significantly more of food groups such as fish, fruit and vegetables, and significantly less of meat, and sugars and savoury foods, then the result indicates that individuals at higher risk of obesity (e.g. as they grow older) may be consuming a healthier diet. It is typical that the BMI-age relation exhibits weight gain until older adulthood Sobal 1995, Moreira and Padrao 2006) .
Males are more likely than females to be at a greater risk of obesity, and this is associated with a higher consumption of all food groups except the healthier food groups (fish and fish products, and fruit and vegetables) which have significantly lower consumption. The diet part of this result is consistent with previous findings that men generally have worse diet than women (e.g. Wardle et al 2004, Abel and McQueen 1994) . However, the result for the risk of obesity is surprising, as women are generally perceived as more likely to be obese than men. There are two possible explanations. In the raw data, overweight is higher amongst men (67%) while obesity is higher amongst women (35%). Thus, it is possible that the result is reflecting the overweight aspect of risk of obesity. Paeratakul et al (2002) and Martin et al (2008) find similar results in their sample of US and Spanish adults, respectively. Also, the result may be reflecting the endogeneity of food consumption in the gender-obesity relationship, which is rarely considered in previous studies.
The protective effect of higher educational attainment may be mediated by more knowledge and information about healthy eating and associated health benefits 7 . Compared with those with no educational qualification, all other groups consume more of the healthier food groups (fish and fish products, and fruit and vegetables), although the relationship is not uniformly increasing. However, there is less evidence of avoiding unhealthy food groups, with only two categories having significantly lower consumption of meat and all groups consuming more sugars and savoury items. The lower but statistically insignificant risk of obesity for this category of individuals may be reflecting the dominance of the consumption of fish and fish products, and fruit and vegetables over sugars and savoury foods, other things being equal 8 . 6 Whenever there is any discrepancy between SUR and the other estimation results, we will report them. 7 Both household income and educational qualification were included in the analysis because we believe that they measure different things and are measured at different levels (household and individual level, respectively). The Pearson correlation test suggests a weak correlation between them (0.056). 8 We test the hypothesis that the obesity-reducing effect of fish, fruit and vegetable is the same as the obesity-increasing effect of sugars and savoury foods and this hypothesis cannot be rejected in all but the degree or vocational equivalent (DegVoc) category: (LowEd: F (1,1700) =1.59, p-value = 0.21; LowMidEd: F (1,1700) =0.68, p-value = 0.41; UpMidEd: F (1,1700) =0.75, p-value = 0.39; DegVoc: F (1,1700) =10.86, p-value = 0.001.
The results on income are similarly mixed. Generally, higher household income is associated with a lower risk of obesity, but the level of statistical significance and the associated food groups differ by income group. Individuals in the middle level household income (i.e. £14,000-£30,000) are more likely than those in the reference group (i.e. low household income) to consume meat and meat products, and sugars, preserves and savoury foods, but the associated risk of obesity is statistically not different between these two income groups 9 . On the other hand, individuals at the upper level household income (i.e. at least £30,000) are significantly less likely than those in the reference group to be at risk of obesity, and this is associated with a lower consumption of fat spreads, and a higher consumption of fish, fruit and vegetables. We test the null hypothesis that the coefficients on the household income variables are jointly significantly not different from zero in each of the equations with mixed results
10
. The results seem to suggest that the extent to which the consumption of a healthier diet is expected to the lower risk of obesity may be dependent on the purchasing power of the individual, as indicated by levels of household income.
For occupational social class, the risk of obesity is lowest for skilled workers, followed by the managerial/professional class and this is associated with a higher consumption of fish and fish products and fruit and vegetables. Consumption of meat and meat products, and sugars and savoury foods are also lower but the coefficients are statistically not different from zero across social class groups 11 None of the other variables has a significant effect on risk of obesity. Household size and living alone were included in order to capture the possible influence of family composition and we find that these variables are associated with a lower consumption of sugars and savoury foods. Individuals in receipt of a social benefit (e.g. income or employment support) are less likely than those who are not to consume cereal and cereal products, and fruit and vegetables.
Discussion
The present study aimed to contribute to a better understanding of the interrelationships between diet, risk of obesity, and the socioeconomic circumstances of individuals. The objective was to examine whether those groups of individuals in the population at greater risk of obesity can be identified by their pattern of food consumption and associated socioeconomic characteristics, and then targeted for promotion of healthy eating and disease prevention.
Previous studies have found differences in food consumption according to socioeconomic factors, largely because each factor represents different underlying 9 The bootstrap standard errors associated with the coefficients on middle level household income are lower in both the 'Meat and meat products' equation (Std. error = 0.066) and the 'Sugars and savoury foods' equations (Std. error = 0.230), thereby improving the level of statistical significance from 5% to 1% level. The bootstrap standard errors associated with the coefficients on skilled and managerial/professional social class are lower in both the 'Fish and fish products' equation (Std. error = 0.021) and (Std. error = 0.026), implying an improvement in the level of statistical significance from 5% to 1% and from 10% to 5% levels, respectively. The standard error associated with the coefficients on skilled social class is also lower in the 'Meat and meat products' equation (Std. error = 0.057), thereby making the effect statistically significant at the 10% level.
processes through which they affect diet, and the risk of obesity (e.g. Vlismas et al 2009) . For example, Moreira and Padrao (2004) using data from Portugal, found the associations between diet and educational attainment to be stronger than the diet-income relation. Whilst education attainment may reflect knowledge and information about healthy eating and associated health benefits, income reflects greater purchasing power. In principle, the results from the present study agree with these previous findings, with an added understanding of how the underlying socioeconomic factors jointly determine diet-health relationship. However, our findings indicate that whilst both income and education were positively associated with healthier foods (e.g. fish/fish products, and fruit and vegetables), and these were associated with lower risk of obesity, only education was positively associated with a reduction in consumption of less healthy foods.
Put in perspective, the economic impact of income appears to be different from its value as a marker of social position, which is also captured by other variables such as education. The first effect which income has is on spending power, for which the standard economic response would be to have more of everything but also we would see substitution effects away from 'inferior' goods. Whilst cereal products may be seen as 'cheap and filling' of which less is consumed as income rises but the health effect is picked up by increasing consumption with education.
In the context of the UK guidelines, healthy eating requires a balanced diet which is achievable; either by consumption of starchy foods (e.g. cereal and cereal products), milk and dairy foods, proteins (e.g. fish, meat, eggs), and fruit and vegetables; by a significant reduction in consumption of less healthy foods (e.g. fatty foods, sugars, preserves and savoury foods); or both (FSA 2010). Our findings indicate however, that the socioeconomic factors associated with these sources of healthy eating might differ. For example, individuals in higher socioeconomic groups (e.g. more educated, higher income, and managerial/professional occupational social class) were associated with healthier foods (e.g. fruit and vegetables). However, the evidence is mixed as to whether this group of individuals were also cutting-down on their consumption of less healthy foods such as fat spreads, sugars, preserves and savoury foods. Thus, specific healthy eating messages may need to be targeted at particular socioeconomic groups in the population.
Our findings also provide an indication that individuals can change their food consumption towards healthier options when their socioeconomic circumstances improve. This was evidenced by the negative correlation between: (i) lower consumption of meat/meat products and higher consumption of fish/fish product; or (ii) lower consumption of meat/meat products and higher consumption of fruit and vegetables.
Finally, the present study differs in certain respects from previous studies that have also examined the relationship between diet and socioeconomic determinants of obesity (e.g. Padrao 2004, 2006) 12 , and the recent increasing use of seemingly unrelated regression approach (e.g. Costa-Font and Gil 2005) . First, the present study made use of a rich dataset which provides complete food history of the individual in the previous week. We recognise that foods are consumed in complex combinations rather than individually in isolation, which might create multicollinearity problems amongst the food groups. However, the SUR approach adopted in this study allowed the error terms to correlate across the food groups. The SUR approach also ensured that potential endogeneity problems were addressed, which improved the efficiency of the estimates, albeit modestly. These differences may explain a few differences in our findings.
As in previous studies, however, the present study is not without limitations. First, most previous studies using large datasets do find significant gender-specific differences 12 For a comprehensive review of these studies, see Vlismas et al (2009). in the determinants of obesity (e.g. Ball et al 2002) . Due to limitation on the size of our sample, we could not examine the gender-specific effects in this study. We interacted gender with some of the determinants, but we found no statistically significant gender interaction effects.
Secondly, it is well known from previous studies that cross-sectional populationbased surveys may lead to under-representation of some segment of the population such as the disadvantaged groups (e.g. the homeless and the unemployed) (Turell 2000) , and individuals living in rural or remote regions. Potential under-representation of the UK population in this data set is a limitation of the study.
Also, under-reporting of food consumption is common in dietary surveys, which has been identified also in other NDNS surveys (e.g. Gregory et al 2000) . Under-reporting of food consumption implies that reported food intakes in the survey were more likely to be underestimates (Swan 2004) . Rennie et al (2007) estimated the extent of underreporting of energy intake in NDNS 2001 to be approximately 27% and 29% amongst men and women, respectively.
However, we took several measures during the analysis to reduce the extent of some of the problems outlined above. These include applying both dietary and interview weights during analysis in order to reduce the extent of under-reporting of food consumption and under-representation, respectively. The SUR estimation of the model also corrected for small sample size.
We recognise that the present study was based on cross-sectional data, which limits the extent to which causality can be inferred. The use of longitudinal or panel data that explore variations in food consumption and the risk of obesity over time can improve the analysis greatly.
Concluding remarks
Food based policies aimed at addressing the risk of obesity require an understanding of the link between socioeconomic circumstances of people and the diet-obesity relationship. Such an understanding is central to education on healthy eating and disease prevention. The Grossman (1972a) model views the individual as both a consumer and a producer of the commodity health. When individuals make health related lifestyle choices such as food consumption, they simultaneously determine their health outcome such as obesity.
In this study, we explored the view that the relationship between food consumption choices that individuals make and the associated health outcome are jointly affected by some underlying forces some of which are demographic and socioeconomic in nature. We then examined the demographic and socioeconomic factors that may jointly determine food consumption and the risk of obesity (measured by BMI), using the 2000/01 NDNS data set.
Healthy eating is achievable, either by increasing consumption healthy foods such as fruit and vegetables, by cutting down on consumption of less healthy foods such as sugars, preserves and savoury foods, or both. However, our findings indicate that the socioeconomic factors (e.g. income and education) associated with these sources of healthy eating may differ. While increasing household purchasing power may be more effective for increasing consumption of healthier foods such as fruit and vegetables, more knowledge and information about healthy eating may be more effective for cutting down on consumption of less healthy foods (e.g. preserves and savoury foods). An understanding of these different healthy eating contexts is essential for the development of effective targeted food based policies aimed at reducing the risk of obesity.
However, the findings suggest that healthy eating alone might be insufficient for achieving a significant reduction in the risk of obesity. With a larger data set, we hope to extend the analysis to include physical activity. In this way, we should be able to examine the relative impacts of diet and physical activity on the risk of obesity.
